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ABSTRACT
We present a spectrophotometric study based on VLT/FORS I observations of one of the most metal-
deficient blue compact dwarf (BCD) galaxies known, Tol 1214–277 (Z∼Z⊙/25). The data show that
roughly half of the total luminosity of the BCD originates from a bright and compact starburst region
located at the northeastern tip of a faint dwarf galaxy with cometary appearance. The starburst has
ignited less than 4 Myr ago and its emission is powered by several thousands O7V stars and ∼ 170
late-type nitrogen Wolf-Rayet stars located within a compact region with ∼<500 pc in diameter. For the
first time in a BCD, a relatively strong [FeV] λ4227 emission line is seen which together with intense He
II λ4686 emission indicates the presence of a very hard radiation field in Tol 1214–277. We argue that
this extraordinarily hard radiation originates from both Wolf–Rayet stars and radiative shocks in the
starburst region. The structural properties of the low-surface-brightness (LSB) component underlying
the starburst have been investigated by means of surface photometry down to 28 B mag/⊓⊔′′. We find
that, for a surface brightness level fainter than ∼ 24.5 B mag/⊓⊔′′, an exponential fitting law provides an
adequate approximation to its radial intensity distribution. The broad-band colors in the outskirts of
the LSB component of Tol 1214–277 are nearly constant and are consistent with an age below one Gyr.
This conclusion is supported by the comparison of the observed spectral energy distribution (SED) of
the LSB host with theoretical SEDs.
Subject headings: galaxies: abundances — galaxies: starburst — galaxies: stellar content — H II
regions — stars: Wolf-Rayet
1. INTRODUCTION
Spectrophotometric studies of extremely metal-deficient
(Z < Z⊙/20) blue compact dwarf (BCD) galaxies give im-
portant insights into the properties of massive stars and
the physical conditions in low-metallicity environments.
For example, recent spectroscopic studies of the most
metal-deficient BCD known so far, I Zw 18, unveiled a
Wolf-Rayet (WR) stellar population (Izotov et al. 1997a,
Legrand et al. 1997), which allows to put important con-
straints on evolutionary models for massive stars with a
very low heavy element abundance. The analysis of such
rare systems in the local Universe can also be of great
benefit to studies of very high-redshift galaxies some of
which may still be in their formation stages. Further, the
low metallicity and high excitation H II regions found in
extremely metal-deficient BCDs allow to derive with high
precision the primordial 4He abundance and hence one of
the important cosmological parameters – the baryon mass
fraction of the Universe (e.g. Izotov et al. 1994, 1997c,
1999).
Some recent observational studies indicate that galaxy
formation is not a process occurring only at an early cos-
mological epoch but still happening at present, though
at a very low level (Thuan et al. 1997, Papaderos et al.
1998, Izotov & Thuan 1999, Kniazev et al. 2000). Izotov
& Thuan (1999) have proposed that a metallicity <1/20
Z⊙ might be a useful indicator for identifying active dwarf
galaxies in an unevolved stage. If so, the spectrophotomet-
ric analysis of such nearby young galaxy candidates with
age∼<10
9 yr, in particular dwarf systems undergoing one of
their first starbursts, is evidently of major importance to
observational cosmology. On the other hand, some authors
reach the conclusion that none of the very metal-deficient
BCDs at low redshift are young galaxies (e.g., Kunth &
O¨stlin 2000, Legrand 2000, Legrand et al. 2000). The low-
metallicity condition is fulfilled only in a tiny fraction (≤
1
20.1 %) of BCDs known to be gas-rich systems undergoing
recurrent bursts of star-formation. While debates concern-
ing the age of extremely metal-deficient BCDs continue it
seems helpful to proceed with detailed studies of all these
galaxies identified so far in the local Universe.
We focus here on one of these rare candidates, the BCD
Tol 1214–277, the very low metallicity of which has been
established by earlier spectroscopic work (Campbell et al.
1986; Pagel et al. 1992; Masegosa, Moles & Campos-
Aguilar 1994). Thuan & Izotov (1997) have derived the
distance to Tol 1214–277 of D = 103.9 Mpc adopting the
observed radial velocity v = 7795 km s−1 and assuming the
Hubble constant H0 = 75 km s
−1 Mpc−1. The presence of
very massive stars in this BCD is indicated by strong neb-
ular lines (Pagel et al. 1992) and a UV stellar NV λ1240
line with a PCygni profile (Thuan & Izotov 1997). The
latter properties along with the fact that Tol 1214–277 is
the lowest metallicity BCD with detected Lyα emission
(Thuan & Izotov 1997) make it not only a probable young
BCD candidate but also allow the study of the Lyα radi-
ation escaping from the starburst.
Telles et al. (1997) described Tol 1214–277 as a single-
knot source with extensions along the north-south direc-
tion. Surface photometry studies by the same authors re-
vealed a compact (
∼
< 3′′) high-intensity core on top of a
much fainter component with an exponential profile of an-
gular scale length of 3.′′4. However, little is known on the
structural properties and colors of that diffuse stellar host
underlying the starburst component. The determination
of these properties will be crucial for assessing the evolu-
tionary state of Tol 1214–277.
In the following, we investigate the photometric struc-
ture and spectral properties of Tol 1214–277 with deep
VLT data. In Sect. 2 we describe the data, and in Sects.
3 and 4 we discuss the results obtained, respectively, from
broad-band imaging and long-slit spectroscopy. We dis-
cuss the age of Tol 1214–277 in Sect. 5 and summarize our
results in Sect. 6.
2. OBSERVATIONS AND DATA REDUCTION
2.1. Photometric data
Images of Tol 1214–277 in the broad-band filters Bessell
U , B, R were obtained with the Focal Reducer and low-
dispersion Spectrograph (FORS1; see Moehler et al. 1995)
attached to the VLT UT1. The exposures were acquired
under photometric conditions on May, 17th 1999 during
a 6 night run allocated to guaranteed time observations
(GTO) at an airmass ranging between 1.48 and 1.64. The
seeing was between 0.′′7 and 0.′′9. FORS was operating in
the standard imaging mode yielding a final focal ratio of
3.13 and an instrumental scale of 0.′′2 pix−1.
Photometric zero-points and color-dependent calibra-
tion terms were derived from exposures of the standard-
star field Mark A (Landolt 1992) taken each night dur-
ing the GTO run at an airmass≈1. Airmass-dependent
calibration terms were obtained using standard extinction
curves and found to agree to a level better than 10% with
those derived during the commissioning phase II of FORS.
The photometric precision is estimated to be ∼ 0.1 mag.
Reduction has been accomplished in the standard way us-
ing the ESO-MIDAS software package.
2.2. Spectroscopic data
Spectroscopic data for Tol 1214–277 were taken with
FORS1 on May, 12th 1999 at an airmass 1.7 and with a
seeing between 0.′′7 – 0.′′9 FWHM. A 1′′ × 180′′ slit was
used in conjunction with a grism GRIS 300V and a GG375
second-order blocking filter. This yields a spatial resolu-
tion along the slit of 0.′′2 pixel−1, a scale perpendicular to
the slit of 3 A˚ pixel−1, a spectral coverage of 3600 – 7500
A˚, and a spectral resolution of ∼ 10 A˚ (FWHM). The to-
tal exposure time of 1650 seconds has allowed to reach
a signal-to-noise ratio S/N ∼> 50 in the continuum of the
bright central part of the BCD and was broken up into two
subexposures, 990 and 660 seconds, to allow for an efficient
cosmic-ray removal. The slit was oriented in the position
angle P.A. = 39◦ to enable a simultaneous study of the
starburst knot and the faint underlying host along its ma-
jor axis. A spectrum of a He-Ne-Ar comparison lamp was
obtained for wavelength calibration.
Since no spectrophotometric standard star was ob-
served, calibration was done using flux-calibrated spectra
of Tol 1214–277 obtained previously with the 2.1m KPNO
telescope1. These were taken on April 2, 1998 at an air-
mass 2.0. The total exposure time was 3600 seconds, split
into 3 subexposures, 1200 seconds each. A 2′′ × 180′′ slit
was used along with grating No. 9 and a GG375 second-
order blocking filter. This yields a spatial resolution along
the slit of 0.′′69 pixel−1, a scale perpendicular to the slit
of 2.7 A˚ pixel−1, a spectral range 3600 – 7500 A˚, and a
spectral resolution of ∼ 7 A˚ (FWHM). The spectropho-
tometric standard star Feige 34 was observed for flux cal-
ibration. Data reduction of the 2.1m telescope and VLT
spectroscopic observations was carried out using the IRAF
software package. This included bias subtraction, cosmic-
ray removal, flat-field correction, wavelength calibration
and night-sky background subtraction.
3. PHOTOMETRIC ANALYSIS
3.1. Morphology of the starburst component of
Tol 1214–277
The VLT B image (Fig. 1a) reveals an elongated LSB
component extending ∼ 11′′ (5.5 kpc) to the southwestern
direction of the unresolved high-surface-brightness (HSB)
starburst nucleus. Such properties place Tol 1214–277
in the rare iI,C “cometary” BCD class of the Loose &
Thuan (1985) morphological classification. As for the
three nearby extended sources indicated in Fig. 1a, the
previously non-catalogued source G1 is an inclined SBb
galaxy most likely unrelated to the BCD. The nature of
two faint sources located close to the southwestern pro-
longation of the LSB host of Tol 1214–277 labelled G2
(mB=23.5±0.2) and G3 (mB=22.8±0.2) is not known. In
view of the recent findings by van Zee et al. (1998ab)
of elongated gaseous reservoirs pointing in some cases
over kpc scales towards the direction of the major axis of
the BCD, it may be worth checking with follow-up spec-
troscopy and radio H I interferometry a possible physical
connection of the sources G2 and G3 with Tol 1214–277.
The deconvolved image of Tol 1214–277 in the R band
1Kitt Peak National Observatory (KPNO) is operated by the Association of Universities for Research in Astronomy (AURA), Inc. under
cooperative agreement with the National Science Foundation.
3Fig. 1.— (a) B band exposure of the iI,C–BCD Tol 1214–277 obtained with the VLT/FORS. North is up and east is to the left. The
bright star-forming complex at the northeastern extreme end of the elongated LSB host is visible. The images show some clumpiness along
the irregular pattern of the LSB body with two local luminosity maxima 3.′′5 (1.76 kpc) and 7.′′5 (3.8 kpc) southwest of the starburst nucleus.
The inset to the upper right shows a contour map of the BCD. Contours correspond to intensity levels of 23.5 and 24 B mag/⊓⊔′′ (thick lines)
and from 19.8 to 27.3 B mag/⊓⊔′′ in steps of 0.5 mag (thin lines). (b) R band exposure of Tol 1214–277 deconvolved with 30 iterations of the
Lucy algorithm (Lucy 1974). The angular resolution is improved to ≈0.′′46. The local luminosity maxima seen in the original exposures along
the main body of the BCD at surface brightness levels of ≈ 23.5 to 24.0 B mag/⊓⊔′′ (dotted horizontal lines) are resolved into an assembly
of compact (diameter
∼
<0.′′5) sources of medium surface brightness. The starburst component splits into 2 high surface brightness knots with
an angular separation of ≈ 2′′. Roughly 1 kpc northwards of the most luminous knot a, the deconvolution reveals a curved feature (shell)
probably a starburst-driven supershell.
Table 1
Photometric properties of the starburst and LSB components of Tol 1214–277a
(Fig. 2a; thick curve) implies for all bands a central surface brightness 2.74 mag fainter than the listed µE,0.
Band t µE,0 α P25 mP25 E25 mE25 m
6
LSB mSBP mPolyg reff ,r80
min mag arcsec−2 pc kpc mag kpc mag mag mag mag kpc
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
U 10 19.69±0.4 468±73 1.18 18.28 2.27 18.99 18.89 17.75±0.12 17.72 0.50,1.22
B 6 20.11±0.2 483±16 0.96 19.20 2.14 19.39 19.24 18.42±0.02 18.42 0.61,1.52
R 4 19.64±0.2 487±19 0.98 18.72 2.38 18.84 18.78 17.95±0.03 17.94 0.59,1.51
aThe values above have not been corrected for extinction. A distance of 103.9 Mpc has been adopted throughout.
The central surface brightness µE,0 listed in col. 3 is obtained by extrapolation of the exponential slope observed in the
outskirts of Tol 1214–277 for radii R∗≥4′′ to R∗=0′′. A more appropriate model for the intensity distribution of the
LSB host of the form of Eq. 2
(Fig. 1b) shows that the starburst component contains at
least two star-forming regions with an angular separation
of ∼ 2′′ (∼ 1 kpc). Roughly 90% of the total starburst lu-
minosity in the R band originates from knot a (diameter
∼<1
′′; 0.5 kpc). As suggested by its slight extension to the
south, another unresolved knot may be embedded therein.
The adjacent source labelled b contributes less than 5% of
the starburst emission in the R band.
A prominent curved structure can be seen in the decon-
volved image of Tol 1214–277, at a projected distance of
∼ 1.1 kpc northwards of starburst region a. This is likely
a starburst-driven supershell. Circumstantial evidence for
a partial disruption of the absorbing H I halo (as illus-
trated for example by case b in Fig. 8 of Tenorio-Tagle et
al. 1999) of Tol 1214–277 as a consequence of the energetic
output of the burst, comes from the strong Lyα emission
with an equivalent width of 70A˚ (Thuan & Izotov 1997),
the highest value observed yet in a BCD.
3.2. Surface photometry
Surface brightness profiles (SBPs) of Tol 1214–277 (Fig.
2a) were derived employing methods described in Pa-
4Fig. 2.— (a) Surface brightness profiles (SBPs) of Tol 1214–277 derived from VLT U , B and R images. The SBPs in U and R are shifted
vertically by –2.5 mag and –1 mag, respectively, for the sake of clarity. The 2σ photometric uncertainty for each point along the SBPs is
shown by vertical bars. The radii reff and r80 which encircle, respectively, 50% and 80% of the total B band emission are indicated. It
is evident that the exponential fit to the LSB component for surface brightness levels µB
∼
> 24.5 mag/⊓⊔′′ cannot be extrapolated inwards
without producing a luminosity excess for photometric radii reff
∼
<R∗<4′′. We have therefore modelled the intensity distribution of the LSB
host adopting a modified exponential fitting law (Eq. 2) which allows for a central flattening (thick curve). The surface brightness distribution
of the starburst (small open circles) is inferred from the luminosity in excess to the fit of the LSB host. (b) Radially averaged (U − B) and
(B − R) color profiles of Tol 1214–277 computed by subtraction of SBPs displayed in panel (a). The average colors of the LSB host, as
obtained by subtraction of exponential models fitted to its intensity distribution in different bands (cf. panel (a), thick curve), of –0.35 mag
and +0.45 mag for (U − B) and (B − R), respectively, are shown by horizontal lines. The isophotal radius E25 of the LSB host at 25 B
mag/⊓⊔′′ is indicated.
paderos et al. (1996b; hereafter P96) and interpreted
in terms of a simplified starburst/LSB decomposition
scheme. The photometric uncertainty was assigned to each
point along the SBPs assuming that Poisson statistics ap-
ply and taking into account inaccuracies in the determi-
nation of the sky background level (cf. P96).
The SBPs of Tol 1214–277 display two intensity regimes.
First, the steeply rising intensity core for radii < 2′′
(µB < 23 mag/⊓⊔
′′) can be attributed to the bright star-
burst region at the northeastern tip of the LSB host. Sec-
ond, an exponential intensity regime is visible for µ ∼> 24.5
B mag/⊓⊔′′ down to 28 B mag/⊓⊔′′, i.e. beyond the photo-
metric radius R∗ > 4′′ which encircles ∼ 90% of the total
B band emission of the BCD. From Fig. 2a, it is evident,
however, that an inwards extrapolation of the exponen-
tial slope characterizing the outskirts of the galaxy leads
for radii reff ∼< R
∗
∼< 4
′′ to an intensity higher than that
observed. Therefore, a proper approximation to the inten-
sity distribution of the LSB host seems possible only when
a flattening of the exponential fitting law inwards of ∼ 3
scale lengths is postulated. Such an exponential profile lev-
elling off for small radii has been frequently found in low-
luminosity dwarf ellipticals (type–V profile; cf. Binggeli
& Cameron 1991), dwarf irregulars (Patterson & Thuan
1996, Makarova 1999, van Zee 2000) and in few BCDs (cf.
Vennik et al. 1996, P96, Telles et al. 1997, Papaderos et
al. 1999). A Se´rsic fitting law (Se´rsic 1968) of the form
I(R∗) = I0 exp
(
−
R∗
α
)η
(1)
where I(R∗) is the observed intensity at the photometric
radius R∗ and α the angular scale length. An exponent
η ∼ 2.2 and a scale length of ∼ 3.′′5 reproduces well the
central intensity flattening, but provides only a moderately
good fit to the outer exponential slope for R∗>4′′.
Another empirical expression well suited for fitting an
exponential distribution which is truncated inwards was
proposed by P96 as
I(R∗) = I0 exp
(
−
R∗
α
)[
1− q exp(−P3(R
∗))
]
(2)
where P3(R
∗) is
P3(R
∗) =
(
R∗
b α
)3
+
(
R∗
α
1− q
q
)
. (3)
The intensity distribution given by Eq. 2 depends near
the center on the relative central intensity depression
q = ∆I/I0, with I0 being the central intensity of a pure
exponential law, and bα the cutoff–radius where the cen-
tral flattening occurs. By fitting the latter distribution to
the SBP of Tol 1214–277 (Fig. 2a; thick curve) we obtain
a parameter set (b,q)=(3.3,0.92) implying that an inten-
sity depression occurs already within 3.3 exponential scale
5Table 2
Emission line intensities in the
brightest knot of Tol 1214–277
Ion I(λ)/I(Hβ)
3727 [O II] 0.2438±0.0027
3750 H12 0.0213±0.0020
3770 H11 0.0322±0.0021
3798 H10 0.0480±0.0022
3820 He I 0.0094±0.0014
3835 H9 0.0517±0.0022
3868 [Ne III] 0.3429±0.0030
3889 He I + H8 0.1906±0.0027
3968 [Ne III] + H7 0.2859±0.0030
4026 He I 0.0158±0.0015
4069 [S II] 0.0071±0.0012
4101 Hδ 0.2536±0.0028
4227 [Fe V] 0.0095±0.0013
4340 Hγ 0.4793±0.0037
4363 [O III] 0.1731±0.0021
4388 He I 0.0047±0.0013
4471 He I 0.0352±0.0015
4541 He II 0.0023±0.0013
4650 WR bump 0.0161±0.0015
4686 He II 0.0527±0.0015
4711 [Ar IV] + He I 0.0275±0.0014
4740 [Ar IV] 0.0185±0.0013
4861 Hβ 1.0000±0.0053
4922 He I 0.0086±0.0013
4959 [O III] 1.7396±0.0083
5007 [O III] 5.0926±0.0205
5200 [N I] 0.0027±0.0011
5411 He II 0.0036±0.0010
5876 He I 0.0935±0.0015
6300 [O I] 0.0099±0.0012
6312 [S III] 0.0059±0.0010
6363 [O I] 0.0033±0.0009
6563 Hα 2.5700±0.0120
6583 [N II] 0.0088±0.0021
6678 He I 0.0248±0.0009
6717 [S II] 0.0169±0.0010
6731 [S II] 0.0137±0.0010
7065 He I 0.0273±0.0009
7135 [Ar III] 0.0221±0.0009
C(Hβ) dex 0.0
F (Hβ)a 1.40±0.02
EW (Hβ) A˚ 324±1
ain units of 10−14 ergs s−1cm−2.
6Table 3
Element abundances in Tol 1214–277
Parameter Value
Te(O III)(K) 20040±160
Te(O II)(K) 15700±110
Te(S III)(K) 18300±130
Ne(S II)(cm
−3) 210±160
Ne(He II)(cm
−3) 150±90
τ(λ3889) 0.0
O+/H+(×105) 0.189±0.004
O+2/H+(×105) 2.929±0.052
O+3/H+(×105) 0.200±0.010
O/H(×105) 3.317±0.053
12 + log(O/H) 7.521±0.007
N+/H+(×107) 0.602±0.013
ICF(N)a 17.6
log(N/O) –1.496±0.016
Ne+2/H+(×105) 0.397±0.008
ICF(Ne)a 1.13
log(Ne/O) –0.868±0.013
S+/H+(×107) 0.286±0.014
S+2/H+(×107) 1.728±0.293
ICF(S)a 3.78
log(S/O) –1.640±0.033
Ar+2/H+(×107) 0.580±0.025
Ar+3/H+(×107) 1.448±0.105
ICF(Ar)a 1.01
log(Ar/O) –2.212±0.024
He+/H+(λ4471) 0.0732±0.0030
He+/H+(λ5876) 0.0747±0.0013
He+/H+(λ6678) 0.0745±0.0028
He+/H+(weighted mean) 0.0745±0.0011
He+2/H+(λ4686) 0.0049±0.0001
He/H 0.0793±0.0011
Y 0.2407±0.0034
aICF is the ionization correction factor for
unseen stages of ionization. The expressions
for ICFs are adopted from ITL94.
7Fig. 3.— The spectrum of the brightest part of Tol 1214–277. The Wolf-Rayet bump and emission lines of high-ionization species are
indicated. The lower spectrum is the observed spectrum downscaled by a factor of 100.
lengths and leads to a central intensity of ∼10% of that
predicted by an inwards extrapolation of the outer expo-
nential slope.
As may be seen from the same figure, subtraction of our
fitting model from the observed SBP (open circles in Fig.
2a) allows to disentangle the brightness distribution of the
starburst knot from that of the secondary faint assembly
of sources ∼3.′′5 southwest of the starburst nucleus, seen
in direct and deconvolved images (Fig. 1a,b).
Table 1 summarizes the derived photometric quantities.
Cols. 3&4 give, respectively, the central surface bright-
ness µE,0 and scale length α of the LSB host as obtained
from linear fits to the SBPs for R∗ ≥ 4′′ and weighted
by the photometric uncertainty of each point. Cols. 5
though 9 list quantities obtained from profile decompo-
sition whereby the intensity distribution of the LSB host
was modelled by the modified exponential distribution Eq.
2. Cols. 5 and 7 give the radial extents P25 and E25 of
the starburst and LSB components respectively, both de-
termined at a surface brightness level 25 mag/⊓⊔′′. The
apparent magnitude of either component within P25 and
E25 are listed in cols. 6 and 8, respectively. Col. 9 gives
the apparent magnitude of the LSB component within a
photometric radius of 6′′. Cols. 10 and 11 list the apparent
magnitude as derived from integration of each SBP out to
the last measured point and the total magnitude in each
band inferred within a polygonal aperture. Col. 12 gives
the effective radius reff and the radius r80, which encircle
50% and 80% of the galaxy’s total flux, respectively.
Profile integration implies that the starburst contributes
nearly half of the B band emission of Tol 1214–277 within
its isophotal radius E25 (≈4.
′′6) while the remaining half is
due to the underlying LSB dwarf for which Eq. 2 yields an
absolute B magnitude of –15.8 mag within its Holmberg
radius.
The fractional luminosity contribution of the starburst
for Tol 1214–277 compares well with the average value in-
ferred for BCDs by Papaderos et al. (1996a) and Salzer
& Norton (1998). This is also the case for the exponen-
tial scale length α ≈ 480 pc for Tol 1214–277 which is in
the range of those obtained for the LSB hosts in other
extremely metal-deficient BCDs, such as SBS 0335–052E
(α=458±8 pc; Thuan et al. 1997, Papaderos et al. 1998)
and SBS 1415+437 (α∼ 300 pc; Thuan, Izotov & Foltz
1999). Such values are larger by factors 2–3 than the typi-
cal scale lengths of the LSB hosts of ultra-compact BCDs,
as for instance Mkn 36 (130 pc; P96), Mkn 487 (190 pc;
P96) and Pox 186 (180 pc; Doublier et al. 2000). This
implies that, despite its faintness and low angular extent,
Tol 1214–277 is not an ultra-compact BCD.
3.3. Color distribution
Figure 2b shows that over the entire body of the galaxy,
covering a range of ∼ 9 mag in surface brightness, the
(B − R) color remains nearly constant at (+0.44±0.05)
mag. By contrast, the (U − B) index is very blue (∼<–0.8
mag) for radii ∼< reff , increasing then steadily with a gradi-
ent of (0.33±0.04) mag kpc−1 out to R∗∼4′′ beyond which
it varies between the extremes of –0.4 mag and –0.26 mag.
A more reliable interval for the (U − B) color of the LSB
host is between –0.45 mag and –0.35 mag, the first value
being the color at the radius r80, where the contribution of
the starburst has dropped below 5% of the total luminosity
and the second value resulting from direct subtraction of
the modelled intensity distributions of the LSB host in U
and B (cf. Fig. 2b). Note that from reff to r80 the gradual
increase of the (U − B) index up to ∼–0.45 mag reflects
the decrease of the starburst luminosity while the (B−R)
index remains roughly constant, presumably, as a result of
8the combined effects of stellar and gaseous emission.
As we shall show in Sect. 5 gaseous emission does not
dominate the light of Tol 1214–277 along its southwestern
extension, therefore the broad band color indices in the
outskirts of the LSB host for radii ∼>4
′′ (Fig. 2b) can be
directly used to estimate its age.
4. SPECTROSCOPIC ANALYSIS
4.1. Element abundances
4.1.1. Emission-line intensities
The spectrum of the brightest knot of Tol 1214–277 ex-
tracted within an aperture of 2′′ × 1′′ is shown in Fig. 3.
It is dominated by very strong emission lines, reflecting
the ongoing star formation activity. Remarkable spectral
features are the nebular He II λ4686, λ4541, λ5411 and
[Fe V] λ4227 emission lines suggesting a very hard stellar
radiation field in the BCD. Furthermore, a broad stellar
bump at λ4650 is detected indicating the presence of WR
stars. Intensities of nebular lines have been measured by
fitting Gaussians to the line profiles, while the intensity of
the broad stellar bump has been derived by measuring its
integral excess emission in the wavelength range λ4600 –
4700 after subtraction of nebular emission lines. The errors
of line intensities and equivalent widths include the errors
in placement of continuum and those in the Gaussian fit-
ting. These errors have been propagated in calculations of
element abundances and the numbers of O and WR stars.
The emission line intensities together with the equivalent
width EW (Hβ) and absolute flux F (Hβ) of the Hβ emis-
sion line are listed in Table 2. Because of the low observed
Hα-to-Hβ intensity ratio we adopted an extinction coeffi-
cient C(Hβ) zero for the starburst knot. In general, the
derived line intensities for Tol 1214–277 are in fair agree-
ment with those by Campbell et al. (1986) and Pagel et
al. (1992) with the exception of [O III] λ4363 and He II
λ4686 which are stronger in our spectrum. Inspection of
the higher resolution but lower signal-to-noise ratio spec-
trum of Pagel et al. (1992) shows the [FeV] λ4227 line
to be also present, although it was not discussed by those
authors.
4.1.2. Heavy element abundances
The high signal-to-noise ratio VLT spectrum permits to
derive element abundances with a higher precision than
in previous studies. However, the precision of such deter-
minations is limited by the absence of the VLT standard
star observations as it is discussed in the Sect. 2.2. To
derive heavy element abundances, we have followed the
procedure detailed in Izotov, Thuan & Lipovetsky (1994,
1997c, hereafter ITL94 and ITL97).
We adopted a two-zone photoionized H II region model
(Stasin´ska 1990) including a high-ionization zone with
temperature Te(O III), and a low-ionization zone with tem-
perature Te(O II). We have determined Te(O III) from the
[O III]λ4363/(λ4959+λ5007) ratio using a five-level atom
model. That temperature is used for the derivation of the
O+2, Ne+2 and Ar+3 ionic abundances. To derive Te(O II),
we have utilized the relation between Te(O II) and Te(O
III) (ITL94), based on a fit to the photoionization models
of Stasin´ska (1990). The temperature Te(O II) is used to
derive the O+, N+, S+ and Fe+ ion abundances. For Ar+2
and S+2 we have adopted an electron temperature inter-
mediate between Te(O III) and Te(O II) following the pre-
scriptions of Garnett (1992). The electron number density
Ne(S II) (Table 3) is derived from the [S II] λ6717/λ6731
ratio. The electron temperature Te(O III) derived for Tol
1214–277 in this paper is higher than that in Campbell et
al. (1986) and Pagel et al. (1992) because of the larger
intensity of the [O III] λ4363 emission line. The electron
number density Ne(S II) is essentially the same as that
derived by Pagel et al. (1992).
The oxygen abundance is derived as
O
H
=
O+
H+
+
O+2
H+
+
O+3
H+
, (4)
where
O+3
O+ +O+2
=
He+2
He+
. (5)
Total abundances of other heavy elements were com-
puted after correction for unseen stages of ionization as de-
scribed in ITL94 and Thuan, Izotov & Lipovetsky (1995).
The heavy element abundances obtained in this study
are in general agreement with those derived by Pagel et
al. (1992). Our value for the oxygen abundance 12 + log
(O/H) = 7.52 ± 0.01 agrees well with the value 7.59 ±
0.05 reported by Pagel et al. (1992). This is also the case
for the sulfur abundance as well as for the nitrogen-to-
oxygen abundance ratio of log N/O = –1.50 ± 0.02 which
compares well with the value of –1.46 ± 0.06 obtained by
Pagel et al. (1992).
4.1.3. Helium abundance
He emission-line strengths are converted to singly ion-
ized helium y+ ≡ He+/H+ and doubly ionized helium y+2
≡ He+2/H+ abundances using the theoretical He I recom-
bination line emissivities by Smits (1996).
To obtain the total helium abundance, the fraction of
unseen neutral helium needs to be considered. In order to
estimate the contribution of neutral helium, we have used
the “radiation softness parameter” η of Vı´lchez & Pagel
(1988)
η =
O+
S+
S+2
O+2
. (6)
The fraction of neutral helium becomes significant (≥ 5%)
when η ≥ 10 (Pagel et al. 1992). Given, however, that in
Tol 1214–277 η is equal to 0.40, the contribution of neu-
tral helium is expected to be very small (< 1%). Recently
Ballantyne, Ferland & Martin (2000) have shown that the
helium ionization correction factor is negligible when the
[O III] λ5007/[O I] λ6300 ratio is greater than 300 and/or
[O III] λ5007/Hβ is greater than 5. Since both of those
conditions are fulfilled for Tol 1214–277 (Table 2), we did
not correct for the contribution of neutral helium.
In addition, a strong nebular He II λ4686 emission line
was detected in the spectrum of Tol 1214–277. Therefore,
we have added the abundance of doubly ionized helium y+2
to y+. The value of y+2 is 6.6% of y+ in Tol 1214–277,
significantly higher than in other low-metallicity BCDs.
Finally the helium mass fraction was calculated as
Y =
4y[1− 20(O/H)]
1 + 4y
, (7)
9Fig. 4.— (a) The relative number of WR stars vs. age of an instantaneous burst. (b) and (c) The relative flux and the equivalent width of
the Wolf–Rayet blue bump vs. the equivalent width of the Hβ emission line. The solid lines illustrate theoretical predictions from Schaerer
& Vacca (1998) for a heavy element mass fraction Z = 0.001.
where y = y+ + y+2 is the number density of helium rel-
ative to hydrogen (Pagel et al. 1992).
The main mechanisms causing deviations of the He I
emission line intensities from the recombination theory
are collisional and fluorescent enhancement. In order to
correct for these effects, we have adopted the following
procedure, discussed in more detail in ITL94 and ITL97:
using the formulae by Kingdon & Ferland (1995) for colli-
sional enhancement and the Izotov & Thuan (1998) fits to
Robbins (1968) calculations for fluorescent enhancement,
we have evaluated the electron number density Ne(He II)
and the optical depth τ(λ3889) in the He I λ3889 line
in a self-consistent way, so that the He I λ3889/λ5876,
λ4471/λ5876, λ6678/λ5876 and λ7065/λ5876 line ratios
have their recombination values, after correction for colli-
sional and fluorescent enhancement. Since the He I λ3889
line is blended with the H8 λ3889 line, we have subtracted
the latter, assuming its intensity to be equal to 0.106
I(Hβ) (Aller 1984). The singly ionized helium abundance
y+ and He mass fraction Y is obtained for each of the three
He I λ4471, λ5876 and λ6678 lines by the above mentioned
self-consistent procedure. We then derived the weighted
mean y+ of these three determinations, the weight of each
line being scaled to its intensity. Note that this weighted
mean may be an underestimate as y+(λ4471) is lower than
y+(λ5876) ≈ y+(λ6678) (cf. Table 3), possibly because of
underlying stellar absorption being most important for the
He I λ4471 emission line.
4.2. The Wolf-Rayet stellar population
The flux and equivalent width of the blue bump in Tol
1214–277 measured after subtraction of nebular emission
are (2.70 ± 0.42) × 10−16 ergs s−1cm−2 and 5.6 A˚, re-
spectively. From the luminosity of the bump of LWR =
3.42 × 1038 ergs s−1 and assuming a luminosity of a sin-
gle WNL star of 2.0 × 1036 ergs s−1 (Schaerer & Vacca
1998) in the blue bump we estimate the number of WR
stars in Tol 1214–277 to be NWR = 170. We note however
that NWR is subject to several uncertainties caused by
the weakness of the bump, its contamination by the emis-
sion of the nebular lines, the uncertainties in the adopted
luminosity of a single WR star in the blue bump and oth-
ers. New observations with higher spectral resolution and
higher signal-to-noise ratio are desirable to better con-
strain the spectral type of the WR stars and to improve
on the determination of NWR.
The number of O stars is deduced from the Hβ luminos-
ity after subtracting the contribution of WR stars from it.
Because the Hβ emission is extended and the slit does
not cover the whole region of ionized gas emission, care
should be exercised in correcting for aperture effects. To
estimate the fraction of the Hβ flux escaping detection
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Table 4
Parameters of the WR population
Parameter Tol 1214–277
kcorr
a 1.86
F (Hβ)corr
b,c 290±2
F (WR)c 2.70±0.25
EW (WR) A˚ 5.6±0.5
N(WR) 170±20
η0
d 1.2
N(O) 6350±50
N(WR) / (N(O + WR) 0.023±0.003
aaperture correction factor.
baperture-corrected Hβ flux.
cin units of 10−16 ergs s−1cm−2.
dSchaerer & Vacca (1998).
we followed the procedure developed by Guseva, Izotov &
Thuan (2000). Applying the correction factor of 1.86 ob-
tained by that method, we infer the luminosity of the Hβ
emission line to be Lcor(Hβ) = 3.68 × 10
40 ergs s−1.
The number of O stars can be derived from the num-
ber of ionizing photons Qcor0 which is related to the total
luminosity of the Hβ emission line Lcor(Hβ) by
Lcor(Hβ) = 4.76× 10
−13Qcor0 . (8)
For a representative O7V star we adopt the number of
Lyman continuum photons emitted to be QO7V0 = 1 ×
1049 s−1 (Leitherer 1990). The total number of O stars is
then derived from the number of O7V stars by correcting
for other O stars subtypes, using the parameter η0 intro-
duced by Vacca & Conti (1992) and Vacca (1994). The
quantity η0 depends on the initial mass function for mas-
sive stars and is, in general, a function of time because of
their secular evolution (Schaerer 1996). Schaerer & Vacca
(1998) have calculated η0 as a function of the time elapsed
from the onset of an instantaneous burst as inferred from
the equivalent width EW (Hβ). Adopting an IMF with a
Salpeter slope α = 2.35 and lower and upper mass limits
of 0.8 M⊙ and 120 M⊙, we estimate in Tol 1214–277 from
EW (Hβ) ∼ 320 A˚ a burst age of 3.3 Myr and η0(t) = 1.2.
In the spectrum of Tol 1214–277 (Fig. 3) the broad blue
WR bump at λ4650 is detected. On the other hand, no
appreciable C IV λ4658, 5808 WR lines are found suggest-
ing that the WR stellar population consists of late WN
stars only. This makes Tol 1214–277 the third known WR
galaxy with oxygen abundance less than 1/20 solar, be-
sides I Zw 18 (Izotov et al. 1997a; Legrand et al. 1997)
and SBS 0335–052 (Izotov et al. 1999).
To derive the number of O stars, it is necessary to sub-
tract the contribution of WR stars from the total number
of ionizing photons. Following Schaerer, Contini & Kunth
(1999), we assume that the average Lyman continuum flux
per WR star QWR0 is comparable to Q
O7V
0 and equal to 1.0
× 1049 s−1. Thus:
N(O) =
Qcor0 −NWRQ
WR
0
η0(t)QO7V0
. (9)
From Eq. 9, the total number of O stars in Tol 1214–277
is found to be N(O) = 6350 yielding a relative number of
WR stars N(WR) / N(O+WR) = 0.023. We point out
here that N(O) and N(WR) / N(O+WR) should be con-
sidered, respectively, as a lower and upper limits because
some part of Lyman continuum photons can escape the H
II region or will be absorbed by dust grains.
In Fig. 4 we compare the relative number of WR
stars, relative flux and equivalent width of the blue bump
emission with theoretical predictions by Schaerer & Vacca
(1998). The solid lines show model predictions for a heavy
element mass fraction Z = 0.001. The relative number
of WR stars in Tol 1214–277 is in good agreement with
the theoretical value predicted for an instantaneous burst.
The agreement is not so good, however, for the relative flux
and equivalent width of the blue bump. Both observed
values correspond to larger EW (Hβ) than predicted by
theory, i.e. to an earlier stage of an instantaneous burst.
Furthermore, while the observed relative flux of the blue
bump is smaller than the maximum theoretical value, its
equivalent width is markedly larger than theoretical pre-
dictions. This is also the case for the equivalent width and
relative intensity of the nebular He II λ4686 emission line
(Fig. 5).
4.3. High-ionization emission lines
Previous spectroscopic studies (e.g., Campbell et al.
1986) have revealed that the hardness of the stellar ioniz-
ing radiation in BCDs increases with decreasing metallic-
ity. This trend implies that some nebular emission lines
of ions with high ionization potentials may be present in
the spectra of very metal-deficient BCDs such as Tol 1214–
277. Indeed, the high signal-to-noise VLT spectrum of this
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Fig. 5.— (a) The equivalent width and (b) the intensity ratio of the nebular He II λ4686 emission line and Hβ vs. the Hβ equivalent width
in Tol 1214–277. Solid lines show theoretical predictions from Schaerer & Vacca (1998) for the heavy element mass fraction Z = 0.001.
galaxy allows for the detection of such lines. In particular,
a strong nebular He II λ4686 emission line is observed in
the spectrum of the brightest knot of Tol 1214–277 (Fig.
3). The presence of this emission implies that the hard
radiation beyond the wavelength of 228 A˚ equivalent to
the ionization potential of 4 Ryd for He+ ion, is strong.
A strong nebular He II λ4686 emission line has also
been detected in many low-metallicity blue compact dwarf
galaxies (in roughly 50% of the samples investigated by
ITL94, ITL97, Thuan et al. (1995, 1999), Izotov & Thuan
(1998) and Izotov et al. (1996, 1997b)). Its intensity in
some objects, including I Zw 18 and SBS 0335–052, ex-
ceeds ∼ 3% of that of Hβ. The nebular He II emission
in Tol 1214–277 has been detected in previous studies by
Campbell et al. (1986), Terlevich et al. (1991), Pagel et
al. (1992). Its intensity, however, has been inferred to be
∼ 3% of Hβ. Here we derive a significantly stronger He II
λ4686 line exceeding 5% of the intensity of the Hβ emis-
sion line (Table 2). This is the largest He II λ4686 / Hβ
ratio ever found in a BCD.
Furthermore, the high signal-to-noise ratio of the VLT
spectrum has allowed to detect for the first time the weaker
nebular He II λ4541 and λ5411 emission lines. Their in-
tensities are in fair agreement with the theoretical recom-
bination values (Aller 1984) and the values measured in
some hot planetary nebulae (e.g., Feibelman et al. 1996;
cf. Table 5).
The origin of nebular He II λ4686 emission in photoion-
ized supergiant H II regions has been a subject of debate
for years. The intensity of this line is several orders of
magnitude larger than model predictions for photoionized
H II regions (e.g. Stasin´ska 1990).
Schaerer (1996) synthesized the nebular and Wolf-Rayet
He II λ4686 emission in young starbursts. For heavy ele-
ment mass fractions Z⊙/5≤ Z ≤ Z⊙, he predicted a strong
nebular He II emission due to a significant fraction of WC
stars in the early WR phases of the burst, and remarked
that the predictions (typically I(He II) / I(Hβ) ∼ 0.01
– 0.025) are in accord with observed values. Schaerer &
Vacca (1998) proposed that hot WN stars may also play
a non-negligible role. Another mechanism, suggested by
Garnett et al. (1991), is that radiative shocks in giant
H II regions can produce relatively strong He II emission
under certain conditions.
Further evidence for a hard UV radiation field in Tol
1214–277 comes from the detection of the strong nebular
[Fe V] λ4227 emission line in its spectrum with an inten-
sity of ∼ 1% of Hβ (Table 2). In principle, in H II regions
with strong He II emission the presence of [Fe V] lines is
not implausible since the ionization potential of the Fe+3
ion is 4.028 Ryd, i.e. marginally higher than that of He+.
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Fig. 6.— The spectra of 5 low-metallicity blue compact dwarf galaxies with detected nebular He II lines and the [Fe V]λ4227 line. The
location of lines is marked by vertical lines.
Therefore, it is expected that the locus of He+2 emission
is spatially associated with the Fe+4 zone. Forbidden [Fe
V] emission lines have already been seen in some hot plan-
etary nebulae (e.g., Feibelman et al. 1996). To our knowl-
edge, however, the observed [Fe V] λ4227 emission line in
Tol 1214–277 is the first clear detection of spectral features
of heavy element ions associated with the He+2 zone in a
BCD.
We have checked for the possible presence of He II
λ4541, λ5411 and [Fe V] λ4227 emission lines in spec-
tra of other low metallicity BCDs using observations by
ITL94, ITL97, Izotov et al. (1996, 1997a, 1999), Thuan
et al. (1999). Out of ∼ 50 galaxies, only in four other
galaxies, mostly very metal-deficient, have some of these
features been identified (Fig. 6). In the spectrum of SBS
0335–052 (12 + log (O/H) = 7.30, Izotov et al. 1999) [Fe
V] λ4227 and He II λ5411 emission lines are unambigu-
ously detected. Interestingly, in the red spectral region
of SBS 0335–052, [Ar V] λ6435 and λ7006 emission lines
are likely present (Fig. 7); they are absent, however, in
spectra of other BCDs. The ionization potential of Ar+3
of 4.396 Ryd is slightly larger than that of He+ and hence
[Ar V] emission lines can be expected in H II regions with
strong nebular He II emission lines2. Possibly, a weak [Fe
V] λ4227 emission line is present in the spectra of SBS
1415+437 (12 + log(O/H) = 7.60, Thuan et al. 1999) and
HS 1851+695 (12 + log(O/H) = 7.78, Izotov et al. 1996),
but it is absent in the spectrum of the NW component of
I Zw 18 (12 + log(O/H) = 7.13, Izotov et al. 1999). He II
λ5411 is detected in I Zw 18 and SBS 1415+437. All deep
spectra shown in Fig. 6 have been obtained with large
telescopes, such as Keck II3 (for SBS 0335–052) and the
Multiple Mirror Telescope4 (for other galaxies). There-
fore, the non-detection of the above mentioned relatively
weak lines in previous studies of low-metallicity BCDs is
probably due to an insufficient S/N ratio of those spectra.
The [Fe V] λ4227 and He II λ4686 intensity distribution
along the slit in Tol 1214–277 is shown in Fig. 8 along
with the distribution of Hβ and the continuum intensity.
The spatial profile of the He II λ4686 emission line has
2Both [Ar V] lines in the spectrum of SBS 0335–052 are weak. Therefore care must be exercised in their identification. In addition, the [Ar
V] λ7006 emission line can be blended with other weak lines, particularly, with the O I λ7002 line.
3W.M. Keck Observatory is operated as a scientific partnership among the California Institute of Technology, the University of California
and the National Aeronautics and Space Administration. The Observatory was made possible by the generous financial support of the W.M.
Keck Foundation.
4Multiple Mirror Telescope Observatory is a joint facility of the Smithsonian Institution and the University of Arizona.
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Fig. 7.— The spectrum of the red part of SBS 0335–052 with probable nebular [Ar V] λ6435, λ7006 emission lines.
Fig. 8.— Distribution of the normalized intensity along the slit for the Hβ λ4861 emission line and for the adjacent continuum as well as
the He II λ4686 and [Fe V] λ4227 emission lines.
a FWHM ∼ 1′′ which is slightly higher than the seeing
during the observations. The intensity distribution of the
[Fe V] λ4227 emission line along the slit seems narrower
than that of the He II λ4686 emission line. However, the
difference is not significant because of the low intensity of
the [Fe V] λ4227 emission line. The small angular size of
the bright H II region where high ionization emission lines
are observed precludes a comparative study of the spatial
distribution of high and low ionization species in the star-
burst region of Tol 1214–277. From Fig. 8 we conclude
that the zones of He II λ4686 and Hβ emission are most
likely spatially coincident. A coincidence of the He+2 and
H+ zones has also been seen for the NW component of I
Zw 18 (e.g., Izotov et al. 1999). On the other hand, in SBS
0335–052 the He+2 zone is found to be offset relative to the
H+ zone toward the evolved stellar clusters (Izotov et al.
1997b) suggesting that the presence of He+2 is likely re-
lated to the ionizing radiation of post-main-sequence stars
or radiative shocks produced by supernovae (SNe).
Some support for the hypothesis that high ionization
species are produced by SN shocks comes from the com-
parison of the intensities of the [Fe V] λ4227, and probable
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Table 5
Relative intensities of high-ionization lines
Parameter Tol 1214–277 SBS 0335–052 I Zw 18 SBS 1415+437 IC 351 Theorya
I(λ4541)/I(λ4686) 0.043±0.027 · · · · · · · · · 0.033 0.035
I(λ5411)/I(λ4686) 0.068±0.020 0.065±0.014 0.085±0.044 0.098±0.036 0.085 0.081
I(λ4227)/I(λ4686) 0.181±0.025 0.178±0.022 · · · · · · 0.009 · · ·
I(λ6435)/I(λ4686) · · · 0.018±0.012 · · · · · · 0.005 · · ·
I(λ7005)/I(λ4686) · · · 0.035±0.019 · · · · · · 0.009 · · ·
aAller (1984).
[Ar V] λ6435, λ7006 emission lines relative to the intensity
of He II λ4686 in the most metal-deficient BCDs and plan-
etary nebulae. From Table 5, it is evident that the I([Fe
V] λ4227) / I(He II λ4686) ratio in low-metallicity BCDs
is more than one order of magnitude larger than that in
the planetary nebula IC 351 (Feibelman et al. 1996). Fur-
thermore, the relative intensities of [Ar V] emission lines
in SBS 0335–052 are ∼ 3 – 4 times larger than those in
the same planetary nebula. However, the latter estimate
is uncertain due to the weakness of the [Ar V] emission
lines. The electron temperature in the shocked material
is expected to be higher than that in the rest of the H
II region. Collisionally excited forbidden lines are more
sensitive to the electron temperature as compared to the
recombination He II emission lines. Therefore, at high
temperatures, produced by fast shocks, we expect larger
intensities of [Fe V] and [Ar V] emission lines relative to He
II emission lines compared to those in planetary nebulae.
5. AGE OF THE UNDERLYING STELLAR POPULATION
The large distance of Tol 1214–277 precludes the study
of its stellar composition by means of color-magnitude dia-
grams in the manner done for nearby BCDs (e.g. Schulte-
Ladbeck et al. 1998, Lynds et al. 1998, Aloisi et al. 1999,
O¨stlin 2000). Therefore, our analysis of the evolutionary
status of Tol 1214–277 is based on the integrated colors
and spectral energy distributions (SED) of its extended
underlying emission.
The blue colors of the LSB host of Tol 1214–277 (U−B)
∼ –0.4 mag and (B−R) ∼ +0.4 – +0.5 mag (Fig. 2b) sug-
gest that its faint underlying stellar component extending
to the SW is rather young. However, care should be exer-
cised in correcting the observed colors for gaseous emission
which, judging from Fig. 3, is important in the vicinity
of the starburst knot. To quantify the line-of-sight con-
tribution of ionized gas to the emission of the underlying
LSB galaxy we show in Fig. 9 the Hα equivalent width
EW (Hα) distribution as well as that of the intensity of
the Hα line and of the adjacent continuum along the ma-
jor axis of the BCD. It is evident that while both intensity
distributions are strongly peaked at the starburst’s loca-
tion, the EW (Hα) distribution is broader and asymmetric.
This indicates that the gaseous emission dominates the
line-of-sight emission to the NE from the starburst region,
while it is not important in the SW direction where the
stellar background is strong. Nevertheless, contamination
by ionized gas cannot be entirely neglected even at in-
termediate radii, since one-dimensional surface brightness
profiles are derived averaging over the light from different
regions with a varying degree of contribution by ionized
gas. The fractional contribution of the ionized gas is ex-
pected to be larger in the R band due to the Hα line, a
fact which may explain the slight reddening of the (B−R)
color by ∼ 0.1 mag at the effective radii between 4′′ and
5′′ (Fig. 2b).
As characteristic colors of the stellar LSB component,
we shall adopt (U −B) = –0.35 mag and (B −R) = +0.4
mag with an uncertainty of 0.05 mag in either of them.
These colors are shown in the (U − B) vs. (B − R) dia-
gram (Fig. 10) by solid boxes. From the present spectral
data, we have no information on the average extinction in
the outskirts of Tol 1214–277 because of the faintness of
the hydrogen emission lines. As an illustrative example,
we show with the dotted box the position of the underly-
ing dwarf galaxy if a reddening E(B − V ) = 0.2 mag is
adopted. Larger values for E(B−V ) are unlikely because
in this case the location of the underlying component in
the (U − B) vs. (B − R) color diagram cannot be repro-
duced by any of the models. Note that a correction for any
residual contribution of gaseous emission along the major
axis of the BCD will shift the observed (B − R) index
bluewards. Thus we expect the colors of Tol 1214–277’s
underlying component to lie between the solid and dotted
boxes in the (U−B) vs. (B−R) diagram (Fig. 10). In the
same figure we overlay model predictions for stellar pop-
ulations with three different star formation histories: the
thin solid line illustrates the location expected for a stellar
population formed in an instantaneous burst as function of
log (t/yr); the dashed line connects model predictions for a
continuous star formation at constant rate having started
at log (t/yr) as given by the label of each point and con-
tinuing to log (t/yr) = 7.3; the dot-dashed line connects
values predicted for two instantaneous bursts with ages
log (t/yr) = 9.3 and 7.3. In the last case, model predic-
tions are labelled by the stellar mass fraction formed in the
youngest burst. Our models are computed using the stel-
lar isochrones of Bertelli et al. (1994) and the compilation
of stellar atmosphere models from Lejeune et al. (1994)
for a metallicity Z⊙/20. A Salpeter initial mass function
with slope –2.35 and with lower and upper mass limits of
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Fig. 9.— The distribution along the slit with P.A. = +39 deg of the Hα equivalent width EW (Hα) and of the normalized intensities of
the continuum and of the Hα λ6563 emission line in Tol 1214–277.
Fig. 10.— The (U −B) vs. (B −R) diagram for the underlying stellar component of Tol 1214–277. The solid box represents the observed
value with an uncertainty of 0.05 mag while the dotted box indicates the position of the LSB host of Tol 1214–277 when corrected for an
extinction with E(B−V ) = 0.2 mag. The solid line illustrates the evolution of an instantaneous burst as a function of log (t/yr). The dashed
line connects model predictions for a continuous constant star formation from the time log (t/yr) which labels each point to log(t/yr) = 7.3.
The dot-dashed line connects values predicted for two instantaneous bursts with log (t/yr) = 7.3 and 9.3. Points are labelled with the stellar
mass fraction of the younger burst. All model predictions are computed using the Padua tracks with Z = Z⊙/20 (Bertelli et al. 1994).
0.6 M⊙ and 100 M⊙ has been adopted.
It may be seen from Fig. 10 that the observed colors
of the LSB host cannot be accounted for by the model
with two instantaneous bursts, one of which is young and
the other old. The observations can, however, be repro-
duced equally well by an instantaneously formed stellar
population with an age log (t/yr)
∼
< 8.1 and a stellar pop-
ulation forming continuously between log (t/yr) ∼< 8.7 and
log (t/yr) = 7.3.
Further support in favour of the evolutionary youth of
Tol 1214–277 is provided by the SED of its LSB host (Fig.
11). Overlayed with the observed spectrum we show model
SEDs for three instantaneous burst populations with ages
10 Myr, 100 Myr and 1 Gyr, computed with the models
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Fig. 11.— Spectrum of the underlying LSB host of Tol 1214–277 on which are superposed the theoretical spectral energy distributions
(SED) of stellar populations with ages 10 Myr, 100 Myr and 1 Gyr. The theoretical SEDs are calculated using isochrones from Bertelli et
al. (1994) and the stellar atmosphere model compilation from Lejeune et al. (1998), for a metallicity Z⊙/20. The best fit is achieved with a
theoretical SED with age ∼ 100 Myr.
described above. It can be seen from Fig. 11 that the ob-
served SED of the underlying LSB host of Tol 1214–277 is
matched best with a single burst population with an age
100 Myr.
In summary, models with simple star formation histo-
ries of Tol 1214–277 give an age between 0.1 and 0.5 Gyr
for its stellar underlying host. Given that there is no com-
pelling evidence for an appreciable stellar population with
cosmological age, we consider 1 Gyr to be a reasonable
upper age limit for the BCD. This conclusion is consistent
with the age estimates based on the color predictions from
Geneva evolutionary tracks (Leitherer et al. 1999).
Therefore, Tol 1214–277 is a second example besides
SBS 1415+437 (Thuan et al. 1999) of an extremely
metal-deficient BCD showing cometary morphology and
evidence for being relatively unevolved. This result sup-
ports the conjecture by Noeske et al. (2000) that cometary
BCDs may be systematically younger than BCDs having
a smooth elliptical or circular stellar LSB envelope (iE/nE
BCDs). Low metallicity may be another necessary condi-
tion for young age (Izotov & Thuan 1999).
6. SUMMARY
The main conclusions drawn from our imaging and spec-
troscopic analysis of deep VLT data of the extremely
metal-deficient (Z∼Z⊙/25) and nearby (D = 103.9 Mpc)
BCD Tol 1214–277 may be summarized as follows:
1. Tol 1214–277 undergoes a vigorous burst of star for-
mation having ignited less than 4 Myr ago. The starburst
takes place within a bright (MB ∼ −16 mag) compact
(∼< 500 pc in diameter) region, giving rise to extended
and abundant ionized gas emission with an Hβ equivalent
width of ∼ 320 A˚. The starburst is powered by several
thousands of O7V stars and 170 late-type nitrogen Wolf–
Rayet stars.
2. In this very metal-deficient BCD we discover for the
first time the high ionization line [Fe V] λ4227. Moreover,
we detect extraordinarily strong He II λ4686 emission with
an intensity as high as 5% of that of the Hβ emission line.
This implies the presence of a very hard radiation field in
Tol 1214–277. The intensity ratio I([Fe V] λ4227) / I(He II
λ4686) in Tol 1214–277 compares well with that in another
extremely metal-poor BCD with [Fe V] λ4227 emission,
SBS 0335–052, being in both cases larger by more than
one order of magnitude than the ratio observed in high-
excitation planetary nebulae. While the relative number of
WR stars of N(WR) / N(O + WR) = 0.023 in Tol 1214–
277 is compatible with theoretical predictions, the inten-
sity of the He II λ4686 emission line exceeds several times
the predictions of standard H II photoionization models,
even when the hard radiation component of Wolf-Rayet
stars is taken into account. Therefore, we argue that the
hard ionizing radiation field in Tol 1214–277 is produced
from the combined effect of massive stars and SN-driven
shocks.
3. Star-forming activity in Tol 1214–277 is confined to
the northeastern tip of a cometary dwarf galaxy with an
absolute B magnitude
∼
> –16 mag and an isophotal size
of 7.6×4.8 kpc at 28 B mag/⊓⊔′′. An exponential fitting
law provides a reasonable approximation to the intensity
distribution of the stellar LSB host in its outskirts, for
µB ∼> 24.5 mag/⊓⊔
′′. It fails, however, to properly describe
the observed brightness distribution at intermediate and
high intensity levels. These are better fitted by an expo-
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nential distribution which flattens at small radii, similar
to the V-type profiles described by Binggeli & Cameron
(1991).
4. The radially averaged (U − B) and (B − R) colors
of the LSB host of Tol 1214–277 are consistent with those
for either an instantaneous burst with log (t/yr) ∼< 8.1, or
a continuous star formation between log (t/yr) ∼< 8.7 and
log (t/yr) = 7.3. We however cannot definitely exclude the
presence of a small fraction of old (age > 1 Gyr) stars due
to their intrinsic faintness.
Research by K.J.F. and P.P. has been supported by the
Deutsches Zentrum fu¨r Luft– und Raumfahrt e.V. (DLR)
under grant 50 OR 9907 7. These authors, Y.I.I. and
N.G.G. acknowledge support by the Volkswagen Founda-
tion under grant No. I/72919. Y.I.I. and T.X.T thank for
partial financial support through NSF grant AST-9616863.
Y.I.I. and N.G.G. also thank for INTAS 97-0033 grant and
for hospitality at Go¨ttingen Observatory. Y.I.I. thanks
for a Gauss professorship of the Go¨ttingen Academy of
Sciences and N.G.G. thanks for DFG grant 436 UKR
17/1/00. All authors thank Drs. K. Reinsch (Go¨ttingen)
and S. Wagner (Heidelberg) for carrying out the GTO ob-
serving program. Building the VLT spectrograph FORS at
Go¨ttingen was supported by BMBW/DESY under grant
053 GO 10A.
REFERENCES
Aller, L. H. 1984, Physics of Thermal Gaseous Nebulae (Dordrecht:
Reidel)
Aloisi, A., Tosi, M., & Greggio, L. 1999, AJ, 118, 302
Ballantyne, D. R., Ferland, G. J., & Martin, P. G. 2000, ApJ, 536,
773
Bertelli, G., Bressan, A., Chiosi, C., Fagotto, F., & Nasi, E. 1994,
A&AS, 106, 275
Binggeli, B., & Cameron, L. M. 1991, A&A, 252, 27
Campbell, A., Terlevich, R., & Melnick, J. 1986, MNRAS, 223, 811
Doublier, V., Kunth, D., Courbin, F., & Magain, P. 2000, A&A, 353,
887
Feibelman, W. A., Hyung, S., & Aller, L. H. 1996, MNRAS, 278, 625
Garnett, D. R. 1992, AJ, 103, 1330
Garnett, D. R., Kennicutt, R. C., Chu, Y.-H., & Skillman, E. D.
1991, ApJ, 373, 458
Guseva, N. G., Izotov, Y. I., & Thuan, T. X. 2000, ApJ, 531, 776
Izotov, Y. I., Chaffee, F. H., Foltz, C. B., Green, R. F., Guseva, N.
G., & Thuan, T. X. 1999, ApJ, 527, 757
Izotov, Y. I., Dyak, A. B., Chaffee, F. H., Foltz, C. B., Kniazev, A.
Y., & Lipovetsky, V. A. 1996, ApJ, 458, 524
Izotov, Y. I., Foltz, C. B., Green, R. F., Guseva, N. G., & Thuan, T.
X. 1997a, ApJ, 487, L37
Izotov, Y. I., Lipovetsky, V. A., Chaffee, F. H., et al. 1997b, ApJ,
476, 698
Izotov, Y. I., & Thuan, T. X. 1998, ApJ, 497, 227
———. 1999, ApJ, 511, 639
Izotov, Y. I., Thuan, T. X., & Lipovetsky, V. A. 1994, ApJ, 435, 647
(ITL94)
———. 1997c, ApJS, 108, 1 (ITL97)
Kingdon, J., & Ferland, G. J. 1995, ApJ, 442, 714
Kniazev, A. Y, Pustilnik, S. A., Masegosa, J., et al. 2000, A&A, 357,
101
Kunth, D., & O¨stlin, G. 2000, A&A Rev., 10, 1
Landolt, A. U. 1992, AJ, 104, 340
Legrand, F. 2000, A&A, 354, 504
Legrand, F., Kunth, D., Roy, J.-R., Mas-Hesse, J. M., & Walsh, J.
R. 1997, A&A, 326, L17
———. 2000, A&A, 355, 891
Leitherer, C. 1990, ApJS, 73, 1
Leitherer, C., Schaerer, D., Goldader, J. D., et al. 1999, ApJS, 123,
3
Lejeune, T., Cuisinier, F., & Buser, R. 1998, A&AS, 130, 65
Loose, H.–H., & Thuan, T. X. 1985, in Star-Forming Dwarf Galaxies,
eds. D. Kunth, T. X. Thuan, & J. Tran Thanh Van (Gif-sur-
Yvette: Editions Frontie`res), 73
Lucy, L. B. 1974, AJ, 79, 745
Lynds, R., Tolstoy, E., O’Neil, E. J., Jr., & Hunter, D. A. 1998, AJ,
116, 146
Makarova, L. 1999, A&AS, 139, 491
Masegosa, J., Moles, M., & Campos-Aguilar, A. 1994, ApJ, 420, 576
Moehler, S., Seifert, W., Appenzeller, I., & Muschielok, B. 1995, in
Calibrating and understanding HST and ESO instruments, ed. P.
Benvenuti (Garching, ESO), 149
Noeske, K. G., Guseva, N. G., Fricke, K. J., Izotov, Y. I., Papaderos,
P., & Thuan, T. X. 2000, A&A, 361, 33
O¨stlin, G. 2000, ApJ, 535, L99
Pagel, B. E. J., Simonson, E. A., Terlevich, R. J., & Edmunds, M.
G. 1992, MNRAS, 255, 325
Papaderos, P., Fricke, K. J., Thuan, T. X., Izotov, Y. I., & Nicklas,
H. 1999, A&A, 352, L57
Papaderos, P., Izotov, Y. I., Fricke, K. J., Thuan, T. X., & Guseva,
N. G. 1998, A&A, 338, 43
Papaderos, P., Loose, H.-H., Fricke, K. J., & Thuan, T. X. 1996a,
A&A, 314, 59
Papaderos, P., Loose, H.-H., Thuan, T. X., & Fricke, K. J. 1996b,
A&AS, 120, 207 (P96)
Patterson, R. J., & Thuan, T. X. 1996, ApJS 107, 103
Robbins, R. R. 1968, ApJ, 151, 511
Salzer, J. J., & Norton, S. A. 1998 in Low Surface Brightness
Universe, ASP Conference Series 170, eds. J.I. Davies, C. Impey,
and S. Phillipps (San Francisco), 253
Schaerer, D. 1996, ApJ, 467, L17
Schaerer, D., Contini, T., & Kunth, D. 1999, A&A, 341, 399
Schaerer, D., & Vacca, W. D. W. 1998, ApJ, 497, 618
Schulte-Ladbeck, R. E., Crone, M. M., & Hopp, U. 1998, ApJ, 493,
23
Se´rsic, J. L. 1968, Atlas de Galaxias Australes (Co´rdoba: Obs.
Astron.)
Smits, D. P. 1996, MNRAS, 278, 683
Stasin´ska, G. 1990, A&AS, 83, 501
Telles, E., Melnick, J., & Terlevich, R. 1997, MNRAS, 288, 78
Tenorio-Tagle, G., Silich, S. A., Kunth, D., Terlevich, E., & Terlevich,
R. 1999, MNRAS, 309, 332
Terlevich, R., Melnick, J., Masegosa, J., Moles, M., & Copetti, M.
V. F. 1991, A&AS, 91, 285
Thuan, T. X., & Izotov, Y. I. 1997, ApJ, 489, 623
Thuan, T. X., Izotov, Y. I., & Foltz, C. B. 1999, ApJ, 525, 105
Thuan, T. X., Izotov, Y. I., & Lipovetsky, V. A. 1995, ApJ, 445, 108
———. 1997, ApJ, 477, 661
Vacca, W. D. 1994, ApJ, 421, 140
Vacca, W. D., & Conti, P. S. 1992, ApJ, 401, 543
van Zee, L. 2000, AJ, 119, 2757
van Zee, L., Skillman, E. D., & Salzer, J. J. 1998a, AJ, 116, 1186
van Zee, L., Westphal, D., Haynes, M. P., & Salzer, J. J. 1998b, AJ,
115, 1000
Vennik, J., Hopp, U., Kovachev, B., et al. 1996, A&AS, 117, 216
Vı´lchez, J. M., & Pagel, B. E. J. 1988, MNRAS, 231, 257
